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Radlocommunication system. 

(^7) An ATM-based radiocommunication system 
adapted for multimedia communication com- 
prises a repeater (1) for providing communi- 
cation services over a predetermined service 
area, first radio tenninals (31, 32, 33) for com- 
municating with the repeater (1) by using ATM 
cells, and a second tenninal (34) for communi- 
cating with the repeater (1) by using ATM cells 
and communicating with a backbone network 
(5). The repeater (1) comprises spot beam trans- 
mission and reception antennas (11, 12, 13; 15, 
16, 17) for providing radio channels within a 
predetenmined service area by means of spot 
beams, a wide-area beam transmission and re- 
ception antenna (14 ; 18) for providing a radio 
channel within the predetenmined service area 
by means of a wide-area beam, first transmit- 
ters/receivers (21, 22, 23 ; 25, 26, 27) connected 
to the spot beam transmission and reception 
antennas for transmitting and receiving ATM 
cells, a second transmitter/receiver (24 ; 28) 
connected to the wide-area beam transmission 
and reception antenna for transmitting and re- 
ceiving ATM cells, and an ATM switching device 
(29) having input tenninals connected to re- 
ceive ATM cells from the first and second re- 
ceivers and output tenminais connected to the 



first and second transmitters for directing inco- 
ming ATM cells to their respective proper out- 
put terminals. 
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The present invention relates to a radiocommuni- 
cation system and, more particularly, to a radiocom- 
munication system which permits multimedia com- 
munications for transmission and reception of mes- 
sages that can contain data, voice, sound and images 
using an ATM (Asynchronous Transfer Mode) technol- 
ogy. 

Heretofore, wireless data communications sys- 
tems have been used in various fields. In recent 
years, researches and developments have been 
made in radio LAN technologies which penmit a wire- 
less version of a LAN (Local Area Network), in which 
computer terminals are networked for communica- 
tions, by the use of radio communications techniques. 

FIG. 1 shows a typical radio LAN system. Within 
beam areas B1 and B2 generated by respective radio 
transmission/reception devices 801 and 802 having a 
bridging function for a wire LAN system are placed ra- 
dio terminals 811 , 812; and 821, 822. Through the use 
of radio channels data communications are per- 
formed between radio the transmission/reception de- 
vice 801 and the radio terminals 811, 812 and be- 
tween the radio transmission/reception device 802 
and the radio terminals 821, 822. By the bridging 
function of the radio transmission/reception devices 
801 and 802, each of the radio terminals 811 , 812, 821 
and 822 can be connected to a wire LAN system 
through the corresponding radio channel, a wire 
channel between a respective one of the transmis- 
sion/reception devices 801 and 802 and a backbone 
communication network 803, and this backbone com- 
munication network. Thereby, each radio terminal is 
permitted to receive various services from the wire 
LAN system. The radio terminals are also penmitted 
to communicate with each other directly or through 
the radio transmission/reception devices. In particu- 
lar, the use of the radio transmission/reception device 
permits transmission and reception of data between 
radio terminals located within different beam areas. 

One of technical problems with a LAN system lies 
in increasing the transmission rate. The upper limit of 
the transmission rate in a representative wire LAN 
system now in wide use is on the order of 10 Mbps. 
To transmit various messages that can contain data, 
images, voice and sound, i.e., multimedia informa- 
tion, a faster LAN system is required. To build such a 
fast LAN system, researches and developments have 
been made in what is referred to as an ATM - LAN sys- 
tem which uses an ATM technique in a wire LAN sys- 
tem. The ATM is a technique which makes transmis- 
sion/exchange of information in unifornn-sized pack- 
ets which are called cells each comprising a header 
and an information field. 

FIG. 2 shows an example of an ATM - LAN. To an 
ATM switch 900 are connected ATM terminals 901 , 
902 and a bridge 903. The bridge 903 is also connect- 
ed to a backbone network 904. The ATM terminals 
901 and 902 each perform cell assembly procedure 



based on all information to be transmitted and add in- 
formation indicating a destination, i.e., a virtual path 
identifier (VPI) and a virtual channel identifier (VCI), 
to the header of each cell before transmission. The in- 

5 formation field of each cell is referred to as a pay-load 
part. Each cell entered into the ATM switch 900 is di- 
rected to a path detenmined according to the values 
of the identifiers, then transmitted to its destination 
tenminal. The destination terminal performs a cell dis- 

10 assembly procedure to take out the original informa- 
tion field (pay-load part) from the cell. The ATM ter- 
minals 901 and 902 can be connected by the bridge 
903 to the backbone network 904. 

Even in the radio LAN system, on the other hand, 

15 a demand for multimedia information communication 
is increasing. To permit the radio LAN system to per- 
fonm multimedia information communication, it is re- 
quired to speed up data transmission by using the 
ATM technique as in the wire LAN system. 

20 To build such a radio ATM - LAN, its adaptability 

to a wire ATM - LAN is important That is, the major 
problems with the radio ATM - LAN lie in how to incor- 
porate the function of the ATM - LAN which has been 
considered exclusively as the wire LAN into the radio 

25 ATM - LAN and how to match the function unique to 
the radio LAN system to the ATM - LAN system. To be 
more specific, the major problems are: (1) how to 
make the radio ATM - LAN accommodate itself to the 
nravement of radio terminals unique to a radio com- 

30 municatlon system while making full use of features 
of a multimedia communication; and (2) how to per- 
form the meta-signaling procedure required for an 
ATM communication. 

Hereinafter, these problems will be described. 

35 The basis of the ATM communication system is to 
perform as little complex flow control and error cor- 
rection as possible in order to implement fast trans- 
mission/exchange of information. One of back- 
grounds that make it possible is the use of good trans- 

40 mission lines such as optical fibers. However, it is 
hard to say that radio channels always have good 
transmission characteristics. Especially in a room 
where a radio ATM - LAN system would be used, deg- 
radation of transmission path characteristics due to 

45 multi-path reflection of electromagnetic waves will 
generally be significant. For this reason, the trans- 
mission path characteristics must be improved in the 
first place. To compensate for degradation of trans- 
mission path characteristics, use has conventionally 

50 be made of a system in which an antenna system is 
improved, such as a diversity reception system, a sig- 
nal processing technique for processing signals on a 
time axis using a wavefomri equalizer, etc. If, however, 
a high transmission rate is required, a very high op- 

55 erating speed will be required of a signal processing 
circuit for improving transmission path characteris- 
tics, which involves technical and economic difficul- 
ties. Thus, an improvement by the antenna system 
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will be demanded. 

One of ways to Improve the transmission path 
characteristics with an antenna system is to use a 
beam by narrowing an antenna beam. The use of a 
beam permits faster transmission than with a wide 
beam which is a diverging beam. If. however, a beam 
is used, the service area of an antenna will be limited, 
which limits the movement of radio tenminals. To solve 
this problem, use is made of a so-called microceil or 
picocell system which covers a necessary service 
area with plural beanr^ from plural antennas. How- 
ever, this approach is not necessarily sufficient to 
solve the problem. 

The ATM communication system, which is based, 
as described above, on performing as little complex 
flow control and error correction as possible, needs 
connection admission control in which each terminal 
reports service parameters, such as transmission 
rate and quality, to the network and has the report ac- 
cepted prior to information transmission for the pur- 
pose of guaranteeing transmission quality. To set up, 
Inspect and open a control channel (Signaling Virtual 
Channel; SVC) for performing this connection admis- 
sion control, a meta-signaling procedure is per- 
formed. In a wire ATM - LAN, since terminals are con- 
nected to each other by wire channels, a physical me- 
dium (wire channel) can be used in common for a me- 
dium for transmitting data at 155.520 Mbps and a me- 
dium for transmitting an SVC and a meta-signaling 
signal. 

As in the wire communication system, in the radio 
ATM - LAN as well, it may be considered to use a 
physical medium (radio channel) in common for a me- 
dium for transmitting data at 1 55.520 Mbps and a me- 
dium for transmitting an SVC and a meta-signaling 
signal. In the radio ATM - LAN. however, the assign- 
ment of a radio channel having a transmission rate of 
155.520 Mbps to a radio terminal with each meta- 
signaling procedure would result in reduced efficien- 
cy of frequency utilization. Further, to implement a 
transmission rate of 155.520 Mbps with a radio com- 
munication system, it would be required to use a 
beam suited for high-speed transmission. To perform 
the meta-signaling procedure with a beam that is 
small in service area, it would be required to know pre- 
viously and accurately which of beam areas a radio 
terminal that desires to communicate is located in. 
This involves difficulties. 

A technique for providing the continuity of com- 
munication service when a radio terminal moves from 
an area to another includes a hands-off technique. 
The conventional hands-off technique is directed to a 
communication system which, like an automobile tel- 
ephone system, is relatively low in transmission rate 
and makes no use of the ATM technique. In the radio 
ATM - LAN as well, therefore, the hands-off technique 
is one of the technical subjects to be considered. 

Moreover, an important problem with a 'radio 



communication system is how to share a limited nunv 
ber of transmission paths (radio channels) among ra- 
dio terminals. As can been seen from FIG. 2, in the 
wire communication system, each of the terminals 

5 901 and 902 occupies its corresponding respective 
transmission path to the ATM switch 900. In the radio 
communication system, on the other hand, the sys- 
tem configuration is generally such that a transmis- 
sion path is shared among a plurality of radio termi- 

10 nals as shown in FIG. 1 . As a technique for sharing a 
transmission path among a plurality of radio terminals 
in the radio communication system, use has been 
made of a multi-access technique such as FDMA 
(Frequency Division Multiple Access), TDMA (Time 

15 Division Multiple Access), or CDMA (Code Division 
Multiple Access). These techniques perform exclu- 
sive assignment of resources (hereinafter referred to 
as radio resources), such as frequency, time, and 
code, which can be used in a radio communication 

20 system, thereby permitting a transmission path to be 
shared. 

Normally, the exclusive assignment of the radio 
resources is performed on the tenninal level. That is, 
a temiinal that set up a call is exclusively assigned 

25 part of the radio resources. In the case of the radio 
ATM - LAN, however, the exclusive assignment of ra- 
dio resources on the terminal level as in conventional 
radio communication systems is not desirable in order 
to make much use of the features of the ATM - LAN: 

30 (1) it can accommodate variable transmission rates; 
and (2) one terminal is permitted to use multiple con- 
nections in order to adapt itself to multimedia commu- 
nications, and in order to maintain compatibility with 
the conventional wire ATM - LAN. For example, to ac- 

35 commodate variable transmission rates, it is required 
to change the transmission bandwidth of a radio re- 
source. Assignment of a radio resource for each indi- 
vidual radio tenminal would not permit the transmis- 
sion bandwidth to be changed flexibly. In principle, a 

40 single radio temiinal uses a single radio resource, 
which does not permit the radio terminal to use mul- 
tiple communication I/O connections for the purpose 
of transmitting multimedia infonmation. 

In addition to assignment of radio resources for 

45 sharing transmission paths, use has been made of a 
frequency reutilization technique which, particularly 
when a radio resource Is a frequency, penmits a more 
efficient utilization of IL This technique uses the 
above-mentioned spot-beam-based picocell system 

50 in view of efficient utilization of frequency. That is. in 
the picocell system, the same frequency is used in 
two or more beam areas in which no wave interfer- 
ence occurs or mutual influence of wave interference 
is permissible. For the whole service area, the fre- 

55 quency reutilization technique permits an increase in 
the number of available frequencies. However, for the 
movement of a radio terminal from an area to another 
area in which a different frequency is used, an addi- 
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tional hands-off technique for dynamic frequency as- 
signment/ switching will be needed. Although a 
hands-off technique adapted for zones of the size of 
the order of several kilometers has been proposed, no 
hands-off technique effective for a picocell system of 5 
the order of several meters has been proposed yet. 

In the radio ATM - LAN, it will be supposed that a 
radio terminal moves between areas where commu- 
nication services of the same quality are available or 
moves to another area where the same services are io 
available by way of an area in which only low-quality 
services are available or an area where no service is 
available. For example, it will be considered that a ra- 
dio-terminal user suspends the use of the radio ATM 
- LAN in an office, then moves to another office via is 
a corridor where no communication services are 
available and Immediately resumes the use of the ra- 
dio ATM - LAN. Heretofore, as a technique which per- 
mits the continuation of the use of a function regard- 
less of the suspension of the use of it such a resume 20 
facility as applied to personal computers is known. In 
the radio ATM - LAN, an implementation of such a re- 
sume facility supposing the movement of radio termi- 
nals will become an important subject. However, such 
a technique has not been applied yet 25 

As described above, problems with the conven- 
tional radio ATM - LAN techniques are that the use of 
beams for implementing good transmission path 
characteristics and a high transmission rate makes 
restrictions on the movement of radio terminals and 30 
moreover makes the meta-signaling procedure diffi- 
cult to perform. 

Moreover, if, when the multi-access technique is 
applied to the radio ATM - LAN to share transmission 
paths, exclusive assignment of radio resources were 35 
performed on the terminal level as in the prior art ra- 
dio communication system, it would be impossible to 
make much use of the features of ATM - LAN which 
can accommodate variable transmission rates and 
multimedia communications. In addition, a problem 40 
would arise in maintaining compatibility with the con- 
ventional wire ATM - LAN. 

Furthermore, in the prior art techniques, how to 
Implement a hands-off technique and a resume facili- 
ty for the movement of radio terminals in the radio 45 
ATM - LAN has not been found out 

Accordingly, it is an object of the present inven- 
tion to provide a radio communication system which 
allows the movement of radio terminals that commu- 
nicate with one another through transmission and re- so 
ception of ATM cells while increasing the transmis- 
sion rate of radio channels and permits a meta- 
signallng procedure unique to ATM technique to be 
performed easily through a radio channel. 

A related object of the present invention is to pro- 55 
vide a radio communication system which can make 
much use of the features of an ATM system, realized 
In a conventional wire ATM - LAN, that permit variable 
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transmission rates and multimedia communications, 
and can maintain compatibility with the wire ATM - 
LAN. 

A further object of the present invention is to pro- 
vide a radio communication system which can imple- 
ment a hands-off/resume facility to accommodate the 
movement of radio terminals which communicate with 
one another through transmission and reception of 
ATM cells. 

According to the present invention, there is pro- 
vided a radiocommunication system comprising: 

a repeater for providing a radiocommunication 
service over a predetermined service area; and 

a radiocommunication terminal for communi- 
cating with the repeater, the repeater comprising: 

first communicating means for providing a ra- 
dio channel by a wide beam covering the whole of the 
service area; and 

second communicating means for providing a 
radio channel by spot beams covering subareas with- 
in the service area. 

According to the present invention, there is pro- 
vided another radiocommunication system compris- 
ing: 

a repeater for providing a radiocommunication 
service over a predetermined service area; and 

a radiocommunication tenminai for communi- 
cating with the repeater using an ATM cell, the repeat- 
er comprising: 

communicating means for providing a radio 
channel by a wide beam covering the whole of the 
service area; and 

ATM switching means connected to the com- 
municating means. 

Additional objects and advantages of the present 
invention will be set forth in the description which fol- 
lows, and in part will be obvious from the description, 
or may be learned by practice of the present inven- 
tion. The objects and advantages of the present in- 
vention may be realized and obtained by means of the 
instrumentalities and combinations particularly point- 
ed out in the appended claims. 

The accompanying drawings, which are incorpo- 
rated in and constitute a part of the specification, il- 
lustrate presently preferred embodiments of the 
present invention and, together with the general de- 
scription given above and the detailed description of 
the preferred embodiments given below, serve to ex- 
plain the principles of the present invention in which: 
FIG. 1 shows a conventional radio LAN; 
FIG, 2 shows a conventional wire ATM - LAN; 
FIG. 3 shows a radio communication system ac- 
cording to a first embodiment of the present in- 
vention; 

FIG. 4 is a simplified block diagram of a first radio 
terminal; 

FIG. 5 is a simplified block diagram of a second 
radio terminal; 
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FIG. 6 is a block diagram of a receiver in the re- 
peater of FIG. 3; 

FIG. 7 shows conceptually a connection setu p fa- 
cility including a meta-signaling procedure; 
FIG. 8 shows a connection setup procedure in- 5 
eluding the meta-signaling procedure; 
FIG. 9 shows a correspondence between beam 
areas and frequencies assigned to the respective 
areas; 

FIG. 10 shows a correspondence between fre- io 
quencies assigned to beam areas and VPIs; 
FIG. 11 is a block diagram of a transmitting sec- 
tion of a first transmitter or a first radio terminal; 
FIG. 12 is a diagram for use in explanation of an 
exemplary way to detect the start of movement of is 
a radio terminal; 

FIG. 13 is a diagram for use in explanation of an- 
other exemplary way to detect the start of move- 
ment of a radio terminal; 

FIG. 14 is a diagram for use in explanation of still 20 
another exemplary way to detect the start of 
movement of a radio terminal; 
FIG. 15 is a conceptual diagram of a hands- 
off/resume facility; 

FIG. 1 6 shows a radio communication system ac- 25 
cording to a second embodiment of the present 
invention; 

FIG. 17 is a simplified block diagram of a radio 
transmission/reception device used in the sec- 
ond embodiment of the present invention; 30 
FIG. 18 shows a radio communication system ac- 
cording to a third embodiment of the present in- 
vention; 

FIG. 19 is a block diagram of the second repeater 
in the third embodiment shown in FIG. 18; 35 
FIG. 20 shows a radio communication system ac- 
cording to a fourth embodiment of the present in- 
vention; 

FIG. 21 is a simplified block diagram of a third ter- 
minal in the fourth embodiment shown in FIG. 18; 40 
FIG. 22 is a diagram for use in explanation of mul- 
ti-access means in time domain; 
FIG. 23 is a diagram for use in explanation of mul- 
ti-access means in code domain; and 
FIG. 24 is a diagram for use in explanation of as- 45 
signment of VPIs and radio resources. 
A preferred embodiment of a radiocommunica- 
tion system according to the present invention will 
now be described with reference to the accompanying 
drawings. The present invention includes the follow- so 
ing four items: 

(a) hardware configuration (physical layer config- 
uration); 

(b) setup of connections; 

(c) assignment of ATM layers and radio channels; ss 
and 

(d) hands-off/resume facility. 

Each of these items will be described below. 



(a) Hardware configuration of radio communication 
system 

FIG. 3 shows a radio communication system ac- 
cording to an embodiment of the present invention. 
This radio communication system forms a radio ATM 
- LMi and comprises first radio temfiinals 31 to 33, 
and a second radio terminal 34. Each of the first radio 
terminals 31 to 33 performs multimedia communica- 
tion that contains data, voice, sound and video with 
radio repeater device 1 through transmission and re- 
ception of ATM cells. Like the first radio terminals, the 
second radio terminal 34 performs multimedia com- 
munication with the repeater 1 through transmission 
and reception of ATM cells. In addition, the second ra- 
dio terminal 34 is adapted to communicate with a 
backbone network 5. More than one repeater may be 
provided. 

The first radio terminals 3 to 33 have the same ar- 
rangement, an example of which being shown In FIG. 
4. An antenna 302 is connected to a radio transmit- 
ter/receiver 304. A receive signal is applied via a 
header reader/writer-format converter 306 to a con- 
ventional (wire) ATM terminal 308. To the transmit- 
ter/receiver 304 and the header reader/writer-format 
converter 306 is connected a controller 310 to which 
a VPI-frequency correspondence table 312 is con- 
nected. ATM cell identifiers include VPIs and VCIs. 
Suppose here that only VPIs are used. Atransmit sig- 
nal from the ATM terminal 308 is applied to the anten- 
na 302 via the header reader/writer-fonmat converter 
306 and the transmitter/receiver 304. 

An exemplary arrangement of the second radio 
terminal 34 is shown in FIG. 5. An antenna 316 is con- 
nected to a radio transmitter/receiver 318. A receive 
signal is applied to backbone network 5 via a header 
reader/writer-format converter 320 and a backbone 
interface 322. To the radio transmitter/ receiver 318 
and the header reader/writer-format converter 320 is 
connected a controller 324 to which a VPI-frequency 
correspondence table 326 is connected. A transmit 
signal from the backbone network 5 is applied to the 
antenna 316 via the backbone interface 322, the 
header reader/writer-format converter 320, and the 
transmitter/receiver 318. 

Referring back to FIG. 3, the repeater 1 compris- 
es a wide beam transmitting antenna 14 and a wide 
beam receiving antenna 18 which provide a radio 
channel within a predetermined service area by 
means of a single wide beam AO, spot beam transmit- 
ting antennas 11 to 13 and spot beam receiving an- 
tennas 15 to 17 which provide radio channels within 
the service area by means of a plurality of spot beams 
A1 to A3 which are narrower than the wide beam and 
cover a smaller area (in the example shown, three 
beams are illustrated for convenience of illustration 
only), first transmitters 21 to 23 respectively connect- 
ed to the spot beam transmitting antennas 1 1 to 1 3 for 
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transmitting ATM cells, first receivers 25 to 27 respec- 
tively connected to the spot beam receiving antennas 
1 5 to 1 7 for receiving ATM cells, a second transmitter 

24 connected to the wide beam transmitting antenna 

14 for transmitting ATM cells, a second receiver 28 5 
connected to the wide beam receiving antenna 18 for 
receiving ATM cells, an ATM switching device 29, and 
a controller 30. The wide beam transmitting antenna 
14 and receiving antenna 18 provide a single wide 
beam cover the predetermined area. In the case of io 
FIG. 3, the first radio terminals 31, 32 and 33 are lo- 
cated in the spot beam areas A1 , A2, and A3, respec- 
tively, and the second radio terminal 34 is located in 
the spot beam area A2. The ATM switching device 29 
may comprise a VPI/VCI conversion function and a is 
branching/insertion function of control cells In addi- 
tion to a ATM cell switching function. It is possible to 
use a single transmitting/receiving antenna instead of 
the wide beam transmitting antenna 14 and wide 
beam receiving antenna 18. It is also possible to use 20 
three transmitting/receiving antennas instead of the 
spot beam transmitting antennas 11 to 13 and spot 
beam receiving antennas 15 to 17. 

The first receivers 25, 28 and 27 and the second 
receiver 28 have the same arrangement, an example 25 
of which being shown in FIG. 6, An receiving antenna 
326 is connected to a radio receiver 328. A receive 
signal is applied via a header reader/writer-format 
converter 330 to the ATM switching device 29 as ATM 
cells. Acontroller 332 is connected to the receiver 328 30 
and the header reader/writer-fonmat converter 330. 

ATM switching device 29 has a plurality of input 
terminals for receiving ATM cells from the receivers 

25 to 28 and a plurality of output terminals for deliv- 
ering ATM cells to the transmitters 21 to 24 and per- 35 
forms a switching process of directing each of incom- 
ing ATM cells to its proper output terminal. Controller 

30 controls the transmitters 21 to 24, the receivers 25 
to 28, and the ATM switching device 29. 

40 

(b) Setup of connections 

Next, as an example of a method for setting up a 
connection between transmitting and receiving radio 
terminals, a method of setting up a signaling virtual 45 
channel (SVC) serving as a control channel for con- 
trolling connections and a meta-signaling procedure 
for setting up the SVC will be described. Here, only 
VPI will be regarded as an identifier for defining an 
ATM connection for the purposeof simplifying the de- so 
scription of a method for establishing a correspon- 
dence between an ATM connection and a radio chan- 
nel (radio resource). 

FIG. 7 shows conceptually the meta-signaling 
procedure in the present embodiment, and FIG. 8 55 
shows the connection setup procedure including that 
meta-signaling procedure. The present embodiment 
basically uses a radio channel (wide-beam-based ra- 



dio channel) provided by the wide beam area AO 
shown in FIG. 3 as a common control channel 402 for 
meta-signaling. A request for VPI for SVC is made via 
this common control channel 402. As shown In FIG. 
3, the first radio terminals 31, 32, and 33 are respec- 
tively located in the spot beam areas A1 , A2, and A3. 
The radio channels (spot-beam-based radio chan- 
nels) provided by these spot beam areas A1, A2 and 
A3 are used as user specific channels 403 between 
the repeater 1 and the radio terminals 31 to 35. That 
is, the repeater 1 uses the user specific channels 403 
to set up connections among the radio terminals 31 
to 33 as requested by the radio terminal 31. 

First, a meta-signaling controller 401 in the con- 
troller 30 of the repeater 1 broadcasts a meta- 
signaling control signal to the radio terminals via the 
wide-bean>based radio channel, i.e., the common 
control channel 402 having predetermined frequency 
and VPI, for example, FOD and VPlOO shown in FIG, 
10 to be described later (step #1). 

Upon receipt of the meta-signaling control signal, 
the radio terminal 31 transmits an SVC frequen- 
cy/VPI assignment request via the common control 
channel 402, for example, on a random access basis 
(step #2). 

The controller 30 assigns unused frequency/VP! 
for SVC to the first radio terminal 31 via the wide- 
beam-based radio channel (step #3). 

The radio terminal 31 sets the assigned frequen- 
cy/VPI for SVC and is placed in the reception wait 
state (step #4). 

Using the first transmitters 21 to 23, the control- 
ler 30 polls the radio terminals on the basis of the as- 
signed frequency/VPI for SVC (step #5), 

The first radio terminal 31 receives the polling 
signal and acknowledges it (step #6). 

Thereby, the controller 30 is permitted to deter- 
mine that the radio terminal 31 is located in the spot 
beam area A1 . Thus, SVC is established between the 
repeater 1 and the first radio terminal 31 (step #7). 

Next, the first radio terminal 31 makes a request 
to the repeater that a connection be set up between 
the terminals 31 and 32 (step #8). 

In response to this request, the repeater control- 
ler 30 sets up connections among the first radio ter- 
minals 31 to 33 (step #9). 

(c) Assignment of ATM layers and radio channels 

The ATM system is basically hierarchized into 
three layers: the physical layer, ATM layer and ALL 
layer. The lowermost physical layer provides trans- 
mission resources for transmitting ATM cells, the ATM 
layer provides a logical connection of two layer at 
VP/VC levels and the ALL layer performs cell assem- 
bly procedure and cell disassembly procedure. In the 
radio ATM - LAN, the first subject is how to organize 
and provide the physical layer, i.e., radio channel re- 
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sources for transmitting ATM cells. To be specific, 
how to organize a predetermined service area, i.e., a 
beam area formed by an antenna, is determined first. 
This is determined in terms of required transmission 
rate, mobility requirements, efficient utilization of 
used frequencies, communication control scheme, 
etc. 

For this subject, the present Invention provides a 
predetermined service area by the use of two types 
of beam areas; spot beam areas formed by more than 
one spot beam antenna, and a wide beam area 
formed by a wide beam antenna. In the example of 
FIG. 3, the three spot beam areas Ai to A3 by the spot 
beam antennas 11 to 13 and 15 to 17 and the wide 
beam area AO by the wide beam antennas 14 and 18 
form two types of beam areas. As will be described 
later, either the spot beam areas or the wide beam 
area may be used to cover a predetermined service 
area. 

How to implement multi-access to that service 
area will be described, which is most important for 
sharing a radio channel in a radio communication sys- 
tem. As described above, multi-access techniques in- 
clude FDMA, TDMA, and CDMA. In the present enn- 
bodiment. the FDMA technique is used, and hence 
the multi-access is made on a frequency domain ba- 
sis. 

Referring now to FIG. 9, there are illustrated fre- 
quencies used for uplinks in the wide beam area AO 
and the spot beam areas A1 to A3, i.e., the radio chan- 
nels directed from the radio terminals 31 to 34 to the 
repeater 1, and downlinks, i.e., the radio channels 
from the repeater 1 to the radio terminals 31 to 34. 
FIG. 9 shows an example in which five frequencies 
FOU, F1 U, F2U. F3U. and F4U are assigned to the up- 
links and three frequencies FOD, F1D, and F2D are 
assigned to the downlinks. As shown, in each of the 
spot beam areas AI , A2 and A3, two frequencies are 
assigned for uplink, while one frequency is assigned 
for downlink. Each of frequencies F1 U, F2U and FID 
is shared between spot beam areas A1 and A3. The 
radio resources for adapting ATM to a radio commu- 
nication system are organized in this manner. 

The ATM system is a connection-oriented trans- 
mission system and needs to set up a connection be- 
tween transmitting and receiving terminals prior to 
transmission of information. To be specific, by setting 
up identifiers to be added to ATM cells which termi- 
nals transmit or receive, VP/VC levels of transfer 
function (ATM connection) is realized. The identifiers 
each have a hierarchy of VPI and VCI in correspon- 
dence with the two-level ATM layer with VP and VC 
levels and are added to the headers of ATM ceils for 
transmission. 

A unique, important problem arises in the radio 
ATM - LAN system in that how the radio channels are 
made to correspond with the ATM connection which 
has been set up. In the present invention, basically at 



least one of VPI and VCI, an identifier for defining 
ATM connection, is made to correspond with a radio 
resource (for example, frequency) assigned to the 
wide beam area and spot beam areas, thereby estab- 

5 lishing a conrespondence between an ATM connec- 
tion and a radio channel. 

Hereinafter, only VPI is regarded as an identifier 
that defines an ATM connection for the purpose of 
simplifying the explanation of the way to establish a 

10 correspondence between ATM connections and radio 
channels (radio resources). As shown in FIG. 3, the 
first radio terminals 31 to 33 are located in the spot 
beam areas AI to A3. Suppose here that VPI31 and 
VPI32 are set up for ATM cells transmitted from the 

15 radio terminals 31 to 33. Assignment of frequency as 
a radio resource is assumed as shown in FIG. 10. The 
connection setup method itself is the same as that 
described in connection with paragraph (b). 

Reference will now be made to FIG. 11 to de- 

20 scribe that method taking by way of example informa- 
tion transmission from the first radio terminal 31 lo- 
cated in the spot beam area AI to the first radio ter- 
minal 32 located In the spot beam area A2. FIG. 11 
shows the major components of a transmitting sec- 

25 tion in the first transmitters 21 to 23, the first radio ter- 
minals 31 to 33 and the second radio terminal 34. 

In the radio terminal 31, information to be trans- 
mitted is formed into cells by a cell assembly section 
not shown. Each cell is added with VPI in its header, 

30 then entered into a header reader/writer-fonmat con- 
verter 201. In this header reader/writer-format con- 
verter 201, an incoming ATM cell is subjected to head- 
er reading/writing and format conversion. The header 
is entered into a VPI-f requency correspondence table 

35 204, and the fomnat-converted ATM cell is fed via a ra- 
dio transmitter 202 to an antenna not shown. The for- 
mat conversion means the inclusion of ATM cells in a 
radio frame (transformation of ATM cells into pack- 
ets). VPI-f requency correspondence table 204 stores 

40 such a correspondence relationship between VPIs 
and frequencies as shown in FIG. 10 and outputs fre- 
quency information corresponding to a VPI included 
in incoming header. The VPI-to-f requency correspon- 
dence relationship in the VPI-frequency con-espon- 

45 dence table 204 is rewritable by a table-rewriting cir- 
cuit 205 under the control of the repeater 1 via the 
common channel/ user specific channel. The fre- 
quency information output from the table 204 is fed 
into a controller 203 adapted to control a transmitting 

50 frequency of the transmitter 202. From FIG. 1 0 it will 
be seen that the VPI in ATM cells at the radio terminal 
31 is VPI31. Thus, the transmitting frequency is set 
to F1U. That is, the radio terminal 31 transmits ATM 
cells to the repeater 1 on the frequency F1U. 

55 In the repeater 1 , the first receiver 25 receives the 

radk)-f ramed ATM cells through the spot beam receiv- 
ing antenria 15, which, in turn, are entered into the 
ATM switching device 29. The ATM switching device 
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29 changes the VPI in the received ATM cells to VPI32 
as required and then directs the received ATM cells 
to the output terminal connected to the transnnltter 22. 
The transmitter 22 transforms ATM cells from the 
ATM switching device 29 into frames and transmits 
the frames through the spot beam transmitting anten- 
na 12 on the frequency F2D. The ATM cells transmit- 
ted by the transmitter 22 are received by the radio ter- 
minal 32, so that information is reproduced. Thus, in- 
formation communication is permitted between the 
radio terminals 31 and 32. 

Further, if an ATM connection is set up between 
the second radio terminal 34 that is located in the spot 
beam area A2 and connected to the external back- 
bone network 5 and the first radio terminal 31 that is 
located in the spot beam area A1 in accordance with 
the same procedure, then the radio terminal 31 will be 
permitted to communicate with the external commu- 
nication system. 

(d) Hands-off/resume facility 

In the radio LAN, it will be supposed that a radio 
terminal located in a beam area sets up a connection 
with another terminal, then moves to another beam 
area without releasing that connection. A technique 
for allowing a radio terminal to move to another beam 
area even if it does not release the connection set up 
before the movement, i.e., a hands-off/resume facili- 
ty, will be described with reference to FIGS. 12 
through 15. 

FIGS. 12. 13 and 14 illustrate various means 
adapted to detect the start of movement of a radio ter- 
minal and signal the repeater 1 . 

An example shown in FIG, 12 is based on the fact 
that a user will normally dose the cover of a radio ter- 
minal before starting movement. That is, a sensor 502 
is provided for detecting closing of the cover 501 of a 
terminal 500 by the user to know the start of move- 
ment of the terminal. The result is signaled to the re- 
peater 1 by the use of SVC. 

In an example of FIG. 13, a terminal 500 is equip- 
ped with a sensor 503, such as a gyroscope, for de- 
tecting that the terminal 500 is being lifted or moved. 
Thus, the terminal 500 is permitted to signal its move- 
ment or its start of movement through the use of SVC. 

In the example of FIG. 14, when starting move- 
ment, a user chooses the start-of-movement com- 
mand on the menu displayed on the screen 505 of a 
radio terminal with a pointer 506. In this case as well, 
the start of movement is signaled to the repeater 1 
through the use of SVC. 

FIG. 15 is a block diagram illustrating conceptu- 
ally the an-angement associated with the hands- 
off/resume facility of a radio terminal, which compris- 
es a spot beam channel setup/release controller 601 , 
a wide beam channel setup/release controller 602, a 
resume controller 603, a communication mainte- 
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nance controller 604, and a radio section 605. 

Suppose, for example, that the radio terminal 31 
located in the spot beam area A1 moves to the spot 
beam area A3 while holding the connection with the 

5 radio terminal 32 located in the spot beam area A2. 
The radio terminal 31 signals to the repeater 1 that it 
is going to start movement or it has started movement 
through the use of such means as shown in FIG. 12, 
13, or 14. The repeater 1 and the radio terminal 31 

10 perform a set of preparation operations for move- 
ment. If, for example, the radio terminal 31 is trans- 
mitting infonmation and conducting associated proc- 
essing, then it performs a resume operation (state 
preserving operation) under the control of the resume 

15 controller 603, After the termination of the set of op- 
erations, the tenminal starts movement. 

After the radio terminal 31 has moved to the other 
area, a connection is set up with the state kept pre- 
served in accordance with the same procedure as the 

20 above-described connection setup procedure. That 
is, the repeater 1 starts polling using the first trans- 
mitter, and the radio terminal 31 responds to this poll- 
ing after the termination of movement. Thereby, the 
controller 30 in the repeater 1 determines a spot 

25 beam area to which the radio terminal moved, then 
sets up a connection. 

It may be permitted, during radio terminal move- 
ment, to set up a connection other than SVC for the 
wide-area-beanvbased radio channel and switch the 

30 information transmission channel from the spot- 
beam-based radio channel to the wide-area-beam- 
based radio channel. In general, the information 
transmitting capability of the wide-area-beam-based 
radio channel is poor in comparison with that of the 

35 spot-beam-based radio channel. However, the newly 
set up connection can be used for low-speed recep- 
tion only during radio terminal movement. Even with 
the wide-area-beam-based radio channel having 
poor information transmitting capability, sufficient 

40 communication service could be provided. 

According to the first embodiment of the present 
invention, as described above, the function of a con- 
ventional ATM - LAN which has been exclusively re- 
garded as a wire LAN can be incorporated into a radio 

45 LAN, and the function unique to a radio LAN system 
can be effectively matched to an ATM - LAN system. 
That is, by establishing a hierarchy between radio 
channels comprised of wide and spot beams, the 
meta-signaling procedure in ATM communication can 

50 be performed through a common channel comprising 
a wide beam, and user specific channels comprising 
spot beams can be dedicated to information commu- 
nication, pemnitting efficient utilization of frequen- 
cies. Moreover, even if spot beams are used to imple- 

55 ment good transmission characteristics and high 
transmission rates, no restrictions are made on the 
movement of radio terminals because a hands-off 
technique and a resume facility are built in. Further- 
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more, since no exclusive assignment of radio resourc- 
es on the terminal level is performed, variable trans- 
mission rates and multimedia communication can be 
accommodated even if transmission paths are 
shared by the use of a multi-access technique, and 
compatibility with a conventional wire ATM - LAN can 
also be maintained. 

Hereinafter, other embodiments of the present 
invention will be described. The corresponding parts 
to those in the first embodiment are denoted by the 
same reference numerals and their detailed descrip- 
tion will be omitted. 

FIG. 1 6 shows a radio communication system ac- 
cording to a second embodiment of the present inven- 
tion, which includes a first repeater device 1. a radio 
transmission/reception device 2. a second repeater 
device 3, and a backbone network 5. The first repeat- 
er 1, radio transmission/reception device 2, and sec- 
ond radio receiver 3 provide service areas A10, A20, 
and A30, respectively. The first and second repeaters 
1 and 3 are arranged identically to the repeater 1 in 
the first embodiment shown in FIG. 3, In the present 
embodiment, the use of a single repeater is also per- 
mitted. Conversely, more than one radio transmis- 
sion/reception device may be provided. 

FIG. 1 7 shows an arrangement of the radio trans- 
mission/reception device 2. An antenna 336 is con- 
nected to a transmitter/receiver 338. A receive signal 
is applied to the backbone network 5 via a header 
reader/writer-format converter 340 and a backbone 
interface 342. To the transmitter/receiver 338 and 
header reader/writer-format converter 340 is connect- 
ed a controller 344 to which a VPI-frequency conre- 
spondence table 346 is connected. A transmit signal 
from the backbone network 5 is supplied to the anten- 
na 336 via the backbone interface 342, header read- 
er/writer-fomiat converter 340, and transmitter/ re- 
ceiver 338. 

Such an arrangement permits communication 
between the radio tenminais located in the service 
areas A10, A20 and A30. This means that each termi- 
nal can always receive services, such as channel set- 
up, information transmission, etc., even if it moves 
from an area to another. It is essential that the radio 
transmission/reception device 2 provides the service 
area A20 similar to the service areas A1 0 and A30 and 
the same services as the repeaters 1 and 3. Suppos- 
ing, for example, that the radio transmission/recep- 
tion device 2 provides services to a radio terminal 
only for Information transmission at a low rate while 
it is moving from an office to another, use may be 
made of a wide-area-beam-based radio channel as a 
radio channel for that service area A20. This will sim- 
plify the configuration of the whole radio communica- 
tion system and provide practically sufficient commu- 
nication services to a radio tenninal that is moving. In 
addition, the infonmation transmission system used in 
the radio transmission/reception device need not be 



limited to the ATM system. Another transmission sys- 
tem may also be used that is suited for transmission 
of data at a low rate. 

FIG. 1 8 shows a radio communication system ac- 

5 cording to a third embodiment of the present inven- 
tion, which includes two repeater devices 1 and 4 that 
provide service areas A10 and A40, respectively. As 
with the first and second embodiments shown in 
FIGS. 3 and 1 6, the first repeater 1 is coupled with the 

10 backbone network 5 through the second radio termi- 
nal 34 with which the connection is set up by a radio 
channel. The third embodiment is distinct from the 
first and second embodiments in that the second re- 
peater device 4 is directly connected to the backbone 

15 network 5. 

FIG. 19 shows an arrangement of the second re- 
peater 4 that is directly connected to the backbone 
network 5 via a wire channel. The radio repeater 4 
comprises spot beam transmitters/receivers 21, 25; 

20 and R22, 26, a wide area beam transmitter/receiver 
24, 28. an ATM switching device 29, a controller 30. 
and a backbone interface 350 for connecting the ATM 
switching device 29 to the backbone network 5. The 
spot beam transmitters/receivers 21, 25; and 22. 26 

25 provide spot beams A41 and A42 within a predeter- 
mined service area which are adapted to establish ra- 
dio channels. Wide area beam transmitter/ receiver 
24. 28 provides a wide area beam A1 0 within that ser- 
vice area for establishing a radio channel. The nunrv- 

30 ber of the spot beams within the service area is not 
limited to two. 

In the above-described embodiments, the radio 
terminals are each assigned one frequency/VPI. and 
each radio temninal is handled as a stand-alone de- 

35 vice except the second radio terminal that is connect- 
ed to the backbone network 5. In contrast, in an em- 
bodiment shown in FIG. 20, two or more radio termi- 
nals, for example, terminals 41 and 42, are connected 
physically and logically to a third radio terminal 35. 

40 Thus, the radio terminal 35 contains an operation to 
maintain a radio channel and a multiplex operation for 
processing transmit signals from the terminals 41 and 
42. Each of the terminals 41 and 42 may be assigned 
respective individual VPI/frequency. Alternatively, 

45 each terminal may be assigned a respective individ- 
ual VPI and may use a common frequency. A further 
modification may be made such that each terminal is 
assigned a respective individual VCI and a common 
VPI/frequency. 

50 An an-angement of the third radio terminal 35 is 

illustrated in FIG. 21. An antenna 356 is connected to 
a transmitter/receiver 358. A receive signal is applied 
to the radio terminals 41 and 42 via a header read- 
er/writer-format converter 360 and a multiplexer/ de- 

55 multiplexer 362. To the transmitter/receiver 358, 
header reader/writer-format converter 360 and multi- 
plexer/demultiplexer 362 is connected a controller 
364 with which a VPI-frequency con-espondence ta- 
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ble 366 is connected. Transmit signets from tlie radio 
terminals 41 and 42 are applied to the antenna 356 via 
the multiplexer/demultiplexer 362, header read- 
er/writer-fonmat converter 360, and transmitter/re- 
ceiver 358. 

In the radio communication systems of the pres- 
ent invention, for assignment of frequencies as radio 
resources, it is also important to consider how their re- 
spective bandwidth is to be assigned. Hereinafter, 
this point will be described. 

In the above embodiments, a wide-area-beam- 
based radio channel is used mainly as a common con- 
trol channel for the meta-signaling procedure, and a 
spot-beam-based radio channel is used mainly for In- 
formation transmission. In general, it can be consid- 
ered that the common control channel differs in trans- 
mission rate from the information transmission chan- 
nel. Therefore, it is not necessarily required that the 
frequency bandwidth assigned to the common con- 
trol channel (i.e., the bandwidth assigned to the wide- 
area-beam-based radio channel) and the frequency 
bandwidth assigned to the information control chan- 
nel (I.e., the bandwidth assigned to the spot-beam- 
based radio channel) be the same. On the assump- 
tion that the frequency assignment is made as shown 
in FIG. 9, for example, the assignment of frequency 
bandwidth to the uplinks may be such that the band- 
width for FOU is narrower than the bandwidth for F1U, 
F2U, F3U, F4U. That is, it is possible to set the band- 
width assigned to a wide-area-beam-based radio 
channel narrower than that assigned to a spot-beam- 
based radio channel. 

In conventional radio communication systems, 
the frequency bandwidth assignment is fixed be- 
cause the information transmission rate is constant. 
In the ATM system used as the information transmis- 
sion system of the present invention, however, the 
transmission rate Is not constant, but is set dynami- 
cally, depending on a report parameter at channel 
setup time. In the radio communication system of the 
present invention which uses such a variable-trans- 
mission-rate ATM system, therefore, adaptive band- 
width assignment is considered to be effective. For 
example, the use of an average transmission rate 
parameter, a peak transmission rate parameter, etc., 
at channel setup time permits variable frequency 
bandwidth assignment. 

It may be considered to make the information 
transmission rate vary between uplinks and down- 
links. In this case, it would be effective to vary the fre- 
quency bandwidth assigned to each of the uplinks 
and downlinks according to their respective transmis- 
sion rate parameter 

In the above embodiments, the multi-access 
means is supposed to be FDMA. More specifically, 
VPI and/or VCI, which is an identifier of an ATM cell, 
is made to correspond with a frequency. However, the 
multi-access means is not limited to FDMA. Any other 



multi-access means, such as TDMA, CDMA, or the 
like, may be used instead. Depending on the circum- 
stances, FDMA, TDMA. CDMA, etc., may be used in 
combination. In that case, of course, a correspon- 

5 dence between radio resources, such as frequency, 
time, code, space, etc., and ATM cell identifiers 
(VPI/VCI) must be established. 

Next, specific embodiments will be described 
about how to use other multi-access means than the 

10 multi-access means in frequency domain such as 
FDMA, which is taken as a basis, that is, multi-access 
means based on assignment of radio resources in 
time domain, code domain, space domain, etc. De- 
pending on whether or not the use of the same fre- 

15 quency and the use of the same VPI/VCI are allowed 
within a spot beam area and between spot beam 
areas, various modifications can be made. 

Before describing the specific embodiments, 
multi-access means based on time domain, code do- 

20 main, space domain, etc. in the present invention will 
be described. FIG. 22 shows a con-espondence be- 
tween VPIs and TDMA time slots which are time- 
domain-based multi-access means. In this figure, up- 
links are taken. And it is supposed that three VPIs, 

25 i.e., VPI1, VPI2, and VPI3, are assigned and used in 
a certain spot beam area. The use of time slots as- 
signed to VPI1, VPI2, and VPI3 permits information 
transmission. The present invention equips a repeat- 
er with an ATM switching device, which is permitted 

30 to perform resolution into time slots essential to a 
normal TDMA system by the use of an arrangement 
which is basically the same as that of a repeater using 
frequency-domain-based multi-access means. 
As with the VPI to frequency bandwidth assign- 

35 ment in frequency domain, the VPI to time slot assign- 
ment in FIG. 22 can be set dynamically by a report 
parameter at channel setup time. For example, time 
slot assignment can be made variable by the use of, 
for example, an average transmission rate parameter 

40 or a peak transmission rate parameter at channel set- 
up time. 

In FIG. 23, there is illustrated an embodiment 
which makes codes of CDMA, which is code-domain- 
based multi-access means, correspond with VPIs. In 

45 this figure, uplinks are taken. And it is supposed that 
three VPIs, i.e., VPI1. VPI2, and VPI3. are assigned 
and used in a certain spot beam area. As codes, three 
codes, C1, C2 and C3, are taken. Each of radio ter- 
minals diffuses its respective radio signal by a code 

50 assigned to itself, thereby making information trans- 
mission. A repeater compresses the diverged radio 
signal, then enters it into the ATM switching device. In 
this case, the repeater can be arranged basically 
identically to a repeater using the f requency-domain- 

55 based multi-access means. 

The assignment of VPIs and codes in FIG. 23 can 
be made on the basis of a report parameter at channel 
setup time as with the assignment of VPIs and fre- 
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quency bandwidth. Further, assignment of parame- 
ters such as code length can be made variable by an 
average transmission rate parameter or a peak trans- 
mission rate parameter at channel setup time. 

In addition, radio resource assignment based on 
space domain can also be made. 

The above embodiments have been described as 
having the directivity of spot beams (the shape of ser- 
vice areas) preset. As the spot beam antenna, use 
may be made of a variable directivity antenna. That 
is, when the same radio resources are used in a spot 
beam area, it can be avoided by varying the directivity 
of the spot beam antenna (varying the shape of the 
spot beam area). This will limit the number of radio 
terminals In the spot beam area. The space-region- 
based multi-access means can be made adaptive on 
the basis of a report parameter at channel setup time 
as with the other multi-access means. 

Next, a more specific embodiment for the assign- 
ment of VPIs and radio resources will be described. 
FIG. 24 shows nine forms 1 through 9 as the specific 
embodiment. Their basic features are as follows. 

(1) When an frequency overlap between spot 
beam areas (the same frequency is used in dif- 
ferent spot beam areas except adjoining areas) is 
allowed, the frequency is changed at hands-off 
time. When a VPI/VCI overlap (the same 
VPI/VCI is used in different spot beam areas ex- 
cept adjoining areas) is allowed, the VPI/VCI is 
changed at hands-off time. 

(2) When a frequency overlap or a VPI/VCI over- 
lap is allowed in a spot beam area, each terminal 
uses additionally another multi-access means 
based on time domain, code domain or space do- 
main. When a VP! overlap is allowed in a spot 
beam area, division of VCI available to each radio 
terminal is made. When a VCI overlap is allowed 
in a spot beam area, radio terminal identification 
is provided on a higher-level layer. 

Fonn 1 corresponds to the above-described em- 
bodiment That is, an inter-area frequency overlap is 
allowed, but no VPI overlap is allowed. This elimin- 
ates the need for a radio terminal to change VPI in 
moving to another area. Since there is an inter-area 
frequency overlap, the controller 30 assigns a new 
frequency to a radio terminal when it enters a new 
spot beam area or causes it to use another multi-ac- 
cess means. 

Form 2 provides radio terminals with greatest 
freedom in radio resource assignment. A frequency 
overlap and VPI overlap do not exist within any spot 
beam area and between any spot beam areas. Thus, 
form 2 avoids the need for each radio terminal to 
change the frequency and VPI in moving to another 
spot beam area. A transmitter and receiver associat- 
ed with a spot beam area switch their state to enable 
a radio terminal that is moving to that spot beam area 
to transmit and receive on the frequency assigned 



thereto. 

Fonm 3 does not allow a frequency overlap be- 
tween spot beam areas. Thus, it eliminates the need 
for a radio terminal to change the frequency in moving 
5 to another area. However, an inter-area VPI overlap 
is allowed. If, therefore, the same VPI is used in an 
area to which a radio temninal is moving, then that ra- 
dio terminal is assigned a new VPI for communication 
in that area. 

10 Form 4 allows a VPI overlap in a spot beam area. 

In the same area, therefore, radio terminals will com- 
pete for transmission. For this reason, the ATM 
switching device performs connection identification 
on the basis of sets of frequency and VPI. The VCI 

15 available to a radio terminal having an overlapped 
VPI is divided for ATM switching and VCI conversion. 
This form allows a VPI overlap. Thus, there is no need 
for changing VPI for movement from a spot beam 
area to another. However, to avoid the VPI overlap as 

20 much as possible, it is possible to assign an unused 
VPI to a radio terminal when it moves from a spot 
beam area to another. 

Fonm 9 allows a frequency overlap and a VPI 
overlap between spot beam areas as well as within a 

25 spot beam area. This eliminates the need for a radio 
terminal to change the frequency and VPI in moving 
from an area to another. However, a frequency over- 
lap and a VPI overlap exist within the same spot beam 
area, which, in order to suppress competition for 

30 transmission, allows the time-domain, code-domain 
or space-domain-based multi-access means and the 
division of VCI available to a radio terminal having an 
overlapped VPI for ATM switching and VCI conver- 
sion described in connection with form 3 to be carried 

35 out in combination. 

In the present invention, even if a radio re- 
source/VPI overlap exists, information transmission 
is possible. For better information transmission, in 
general, it will be permitted to make the radio re- 

40 source/VPI assignment in the following manner. That 
is, if. when a radio resource/VPI overlap is allowed, 
an unused radio resource/VPI exists within a spot 
beam area, a radio tenminal is assigned the unused 
resource/VPI on priority basis at channel setup time 

45 or at inter-area movement time. 

According to the present invention, as described 
above, a repeater for providing communication ser- 
vices to a predetermined service area comprises spot 
beam transmission and reception antennas for pro- 

50 viding radio channels based on spot beams within the 
service area, a wide area beam transmission and re- 
ception antenna for providing a radio channel based 
on a wide area beam within the service area, first 
transmitters connected to the spot beam transmis- 

55 sion antennas for transmitting ATM cells, first receiv- 
ers connected to the spot beam reception antennas 
for receiving ATM cells, a second transmitterconnect- 
ed to the wide area beam transmission antenna for 
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transmitting ATM cells, a second receiver connected 
to the wide area beam reception antenna for receiving 
ATM cells, and an ATM switching device having input 
terminals connected to receive ATM cells from the 
first and second receivers and output terminals for 
providing ATM cells to the first and second transmit- 
ters for directing incoming ATM cells to their respec- 
tive proper output terminals. 

That is, the radio communication channels are hi- 
erarchized Into spot-beam-based radio channels and 
wide-area-beam-based radio channels. Thus, a radio 
communication terminal can adapt itself to multime- 
dia communication by selecting a channel according 
to a required information transmission rate. That is, a 
spot-beam-based radio channel can be used for infor- 
mation communication requiring a high transmission 
rate like image infomnation communication, while a 
wide-area-beam-based radio channel can be used for 
information communication that permits the use of a 
relatively low transmission rate like voice communi- 
cation. For the meta-signating procedure needed at 
ATM connection setup time, the wide-area-beam- 
based radio channel can be used as a common con- 
trol channel for meta-signaling. This permits an ATM 
connection to be set up for any radio terminal as long 
as it is located within a service area regardless of 
whether it is moving or not. 

Moreover, by establishing a correspondence be- 
tween radio resources, such as frequency, time, and 
code, used in multi-access techniques for radio re- 
sources, such as FDMA, TDMA, and CDMA, and 
VPIs/VCIs serving as ATM cell identifiers, the pres- 
ent invention can take over variable transmission 
rates of a wire ATM - l-AN and the ATM feature that 
permit multiple connections to be set up for each ter- 
minal and can maintain compatibility with the wire 
ATM - LAN. In particular, a radio terminal can be im- 
plemented by simply attaching a radio section to a 
wire ATM - LAN terminal, which permits full utilization 
of the features of the wire ATM - LAN terminal with 
compatibility. 

A correspondence between radio resources and 
ATM cell identifiers thus established permits channel 
setup, traffic control and radio resource assignment 
to be facilitated. In addition, the traffic control at the 
time a radio terminal is moving, which is important to 
a radio communication system, becomes easy. 

Furthermore, the use of a spot beam antenna 
permits a spot beam to be utilized as one of radio re- 
sources in space domain, which improves compatibil- 
ity with a wire ATM - LAN, facilitates channel setup, 
traffic control and radio resource assignment, and 
compensates for degradation of the characteristics of 
radio channels due to muttipath. In addition, the pres- 
ent invention permits the hands-off/resume facility to 
be implemented readily, which permits a repeater de- 
vice to know the start of movement of a radio terminal 
and to maintain communication with the radio termi- 



nal accordingly. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
present invention in its broader aspects is not limited 

5 to the specific details, representative devices, and il- 
lustrated examples shown and described herein. Ac- 
cordingly, various modifications may be made with- 
out departing from the spirit or scope of the general 
inventive concept as defined by the appended claims 

10 and their equivalents. 



Claims 

15 1 . A radiocommunication system comprising: 

a repeater (1 ) for providing a radiocommu- 
nication service over a predetermined service 
area; and 

a radiocommunication terminal (31, 32, 
20 33) for communicating with said repeater (1), 

characterized in that said repeater (1) comprises: 
first communicating means (24, 28) for 
providing a radio channel by a wide beam cover- 
ing the whole of said service area; and 
25 second communicating means (21 , 22, 23, 

25, 26, 27) for providing a radio channel by spot 
beams covering subareas within said service 
area. 

30 2. A radiocommunication system according to claim 
1, characterized by further comprising ATM 
switching means (29) connected to said first and 
second communicating means (21, 22. 23, 24. 
25, 26. 27, 28). 

35 

3. A radiocommunication system comprising: 

a repeater (1 ) for providing a radiocommu- 
nication service over a predetermined service 
area; and 

40 a radiocommunication terminal (31. 32, 

33) for communicating with said repeater (1) us- 
ing an ATM cell, characterized in that said repeat- 
er (1) comprises: 

communicating means (24, 28) for provid- 
45 ing a radio channel by a wide beam covering the 

whole of said service area; and 

ATM switching means (29) connected to 
said communicating means (24, 28). 

50 4- A radiocommunication system according to claim 
1 or 3, characterized by further comprising inter- 
face means (322, 350) connected to a backbone 
network (5) through a wire channel. 

55 5. A radiocommunication system according to claim 
1 or 3. characterized by further comprising a sec- 
ond radiocommunication terminal (34), connect- 
ed to a backbone network (5) through a wire 
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channel, for communicating witli said repeater 
using an ATM cell. 

6. A radiocommunication system according to claim 

1 or 3, characterized by further comprising a sec- 
ond radiocommunication terminal (35), connect- 
ed to wire communication terminals (41. 42) 
through a wire channel, for communicating with 
said repeater using an ATM cell and multiplexing 
signals transmitted from the wire communication 
terminals. 

7. A radiocommunication system according to claim 

2 or 3, characterized by further comprising: 

storage means (312. 326) for storing a cor- 
respondence relationship between at least one of 
a virtual path identifier and a virtual channel 
identifier and a radio resource for a radio chan- 
nel; and 

radio resource setup means (31 0. 324) re- 
sponsive to said storage means for setting up the 
radio resource corresponding to at least one of 
said virtual path identifier and said virtual chan- 
nel identifier in an ATM cell. 

8. A radiocommunication system according to claim 
2 or 3, characterized by further comprising: 

common control channel setup means 
(30) for setting up a common contra! channel be- 
tween said repeater and radiocommunication ter- 
minals; and 

meta-signaling procedure executing 
means (401) for setting up respective channels 
between said repeater and said radiocommuni- 
cation terminals by using said common control 
channel set up by said common control channel 
setup means. 

9. A radiocommunication system according to claim 
2 or 3, characterized by further comprising: 

detecting means (502, 503) for detecting 
the start of movement of said radiocommunica- 
tion terminal and for signaling said repeater; and 

communication maintenance means (604) 
for, when signaled by said detecting means, 
maintaining a communication between said ra- 
diocommunication terminal and said repeater 
even after the movement of said radiocommuni- 
cation terminal. 

10. A radiocommunication system comprising: 

a repeater (1) for providing a radiocommu- 
nication service over a predetermined service 
area; 

a first radiocommunication terminal (31, 
32, 33) for communicating with said repeater us- 
ing an ATM cell; and 

a second radiocommunication terminal 



(34) for communicating with said repeater using 
an ATM cell and for communicating with a back- 
bone network (5), characterized in that said re- 
peater (1 ) comprises: 

5 spot beam transmission antennas (1 2. 1 3. 

14) and spot beam reception antennas (15, 16. 
17) for providing radio channels within said ser- 
vice area by spot beams; 

a wide beam transmission antenna (11) 

10 and a wide beam reception antenna (18) for pro- 
viding a radio channel within said service area by 
a wide beam; 

first transmitters (22. 23. 24) and first re- 
ceivers (25. 26. 27) connected to said spot beam 

15 transmission antennas and said spot beam re- 

ception antennas for transmitting and receiving 
ATM cells; 

a second transmitter (21) and second re- 
ceiver (28) connected to said wide beam trans- 
20 mission antenna and said wide beam reception 

antenna for transmitting and receiving ATM cells; 
and 

ATM switching means (29), having input 
terminals connected to receive ATM ceils from 
25 said first and second receivers and output termi- 

nals connected to said first and second transmit- 
ters, for directing incoming ATM cells to their re- 
spective proper output terminals. 

30 11, A radiocommunication system comprising: 

first and second repeaters (1 . 3) for provid- 
ing communication services over different prede- 
termined service areas; 

a radio transmitter/receiver (2) for provid- 
35 ing a communication service over a service area 

other than said predetermined service areas and 
communicating with a backbone network; 

first radiocommunication terminals (31) 
for communicating with said first and second re- 
40 peaters using an ATM cell and communicating 

with said radio transmitter/receiver; and 

second radiocommunication terminals 
(34) for communicating with said first and second 
repeaters using an ATM cell and communicating 
45 with a backbone network, characterized in that 
each of said first and second repeaters (1. 3) 
comprises: 

spot beam transmission antennas (12, 13, 
14) and spot beam reception antennas (15, 16, 
50 17) for providing radio channels within said ser- 

vice area by spot beams; 

a wide beam transmission antenna (11) 
and a wide beam reception antenna (18) for pro- 
viding a radio channel within said service area by 
55 a wide beam; 

first transmitters (22, 23, 24) and first re- 
ceivers (25, 26, 27) connected to said spot beam 
transmission antennas and said spot beam re- 
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ception antennas for transmitting and receiving 
ATM cells; 

a second transnnitter (21) and second re- 
ceiver (28) connected to said wide beam trans- 
mission antenna and said wide beam reception 5 
antenna for transmitting and receiving ATM cells; 
and 

ATM switching means (29), having input 
terminals connected to receive ATM cells from 
said first and second receivers and output termi- io 
nals connected to said first and second transmit- 
ters, for directing incoming ATM cells to their re- 
spective proper output terminals. 

12. A radiocommunlcatlon system according to claim 15 
10 or 11, characterized by further comprising: 

storage means (312, 326) for storing a cor- 
respondence relationship between at least one of 
a virtual path Identifier and a virtual channel 
identifier and a radio resource for a radio chan- 20 
nel; and 

radio resource setup means (310, 324) re- 
sponsive to said storage means for setting up the 
radio resource corresponding to at least one of 
said virtual path identifier and said virtual chan- 25 
nel identifier in an ATM cell. 

13. A radiocommunication system according to claim 
1 0 or 1 1 , characterized by further comprising: 

common control channel setup means 30 
(30) for setting up a common control channel be- 
tween said repeater and radiocommunication ter- 
minals; and 

meta-slgnaling procedure executing 
means (401) for setting up respective channels 35 
between said repeater and said radiocommuni- 
cation tenminals by using said common control 
channel set up by said common control channel 
setup means. 

40 

14. A radiocommunication system according to claim 
10 or 11, characterized by further comprising: 

detecting means (502, 503) for detecting 
the start of movement of said radiocommunica- 
tion terminal and for signaling said repeater; and 45 

communication maintenance means (604) 
for, when signaled by said detecting means, 
maintaining a communication between said ra- 
diocommunication terminal and said repeater 
even after the movement of said radiocommuni- so 
cation tenminal. 



55 



14 



EP 0 637 185 A2 



TRANSMISSION / 

RECEPTION 

DEVICE 



'80< 



2\{ 



TERMINAL 



\ 

\ 

\ 
\ 
\ 



TERMINAL 



B\2 i 

^ / 

/ 

/ 

/ 

/ 

y 



802 



TRANSMISSION/ 

RECEPTION 

DEVICE 



4' 



^03 



821 



X^B2 



TERMINAL 



822 ; 



TERMINAL 



FIG. r 

15 



EP 0 637 185 A2 



ATM 












TERMINAL 








BRIDGE 




902 

< 


A 1 M 


903 


ATM 




SWITCH 




TERMINAL 








• 


900- 






• 
• 









F I G. 2 



-904 



REPEATER DEVICE \ 




16 



EP 0 637 185 A2 



308 

i_ 

ATM 
TERMINAL 



306 
HEADER 

READER/WRITER, 

FORMAT 

CONVERTER 



312 



VPI-FREQ. 
TABLE 



304 

TRANSMITTER/ 
RECEIVER 



302 



310 



CONTROLLER 



F I 6. 4 



BACKBONE 
NETWORK 5 



BACKBONE 
INTERFACE 



'322 



320 



HEADER 

READER/ WRITER, 

FORMAT 

CONVERTER 





-326 


VPI-FREQ. 




TABLE 





318 



316 



TRANSMITTER/ 
RECEIVER 



324 



CONTROLLER 



F I G. 5 

17 



EP0 637 185 A2 



328 



RECEIVER 



330 

<; 

HEADER READER/WRITER, 

FORMAT 

CONVERTER 



TO 

ATM 

SW29 



r 



332 



CONTROLLER 



F I 6. 6 



REPEATER \ 

^ 



META-SIGNALIN6 
CONTROLLER 



CONTROLLER 



■-30 



40< 




EP 0 637 185 A2 



(M 



ro 
< 



cr 

UJ 





h- 






co 






UJ 


UJ 




!D 


z 




O 


AN 




UJ 






cc 


o 




1— 








o 




UJ 








z 






o 




o 


o 




CO 












< 








> 


MIT 


VPI 


vc 




CO 




o 




< 


UJ 


cr 


cr cr 


o 




u. 




o 








< 
















o 


UJ 


<n 


o 




o 




UJ 


CD 










o 


DLL 




a. 


AC 


UJ 

> 


z 




cr 


UJ 




o 




UJ 


UJ 


cr 


or 




00 



UJ 



O 

cr 



o 
o 



CO 












Ij 




















< 




<n 


> 




1 




-J 


1- 


—I 


UJ 


UJ 


< 




z 




z 






< 




cn 


CH 






CO 






CA 


-J 




o 


o 
cr 


o 


< 


h- 


z 


o 




z 


q: 


o 


o 


CO 




o 











< 


o 


UJ 




CD 


in 










I— 




o 






o 


CO 


> 




CO 






a 




UJ 

o . 


a: 


a 


CO 


UJ 






—1 




m 


o 


< 








co 


o 


UJ 


< 




19 



EP 0 637 185 A2 



FREQUENCY 


AREA 


WIDE 


SPOT 


M U 


M 1 




A 0 


U P 
LINK 


F 0 U 










F \ U 




o 






F2 U 




0 




o 


F3 U 






o 




F4 U 






o 




DOWN 
LINK 


FO D 


o 








F \ D 




0 




o 


F2 D 






o 





F I G. 9 



FREQUENCY 


AREA 


WIDE 


S POT 


AO 


A 1 


A2 


A3 


UP 
LINK 


F 0 U 










F1 U 




VPI3^ 






F2 U 










F3 U 






VPI32 




F4 U 










DOWN 
LINK 


FO D 


VPIOO 








F \ D 




VPI3< 






F2 D 






VP! 32 





FIG. 10 

20 



EP 0 637 185 A2 



ATM CELL 



HEADER REAOER/WRITEH 

FORMAT CONVERTER 



20\ 



FIG. W 



202 



TRANSMITTER 



TO 

ANTENNA 

^ 



203 



CONTROLLER 



FREQ. 



YPI-FREQUENCY 
TABLE 



TABLE-REWRITING 
CIRCUIT 



^205 




502 



FIG. \1 




503 



FIG. i3 



21 



EP 0 637 185 A2 



MENU 



WORKING 
AREA 



START OF 
MOVEMENT 



POINTER 506 



'505 



FIG. H 



MOVEMENT 
DETECTION 



604 



COMMUNICATION 
^IMAINTAINING 
CONTROLLER 



60\ 

1_ 

SPOTBEAM 

CHANNEL 

CONTROLLER 



602 

_1_ 



WIDEBEAM 

CHANNEL 

CONTROLLER 



603 



RESUME 
CONTROLLER 



605 

S 

RADIO 
SECTION 



FIG. 15 

22 



EP 0 637 185 A2 




N 



A20 




34 



BACKBONE 
NETWORKS 



FIG. i6 



23 



EP0 637 185 A2 



BACKBONE NETWORKS 

L_ 



BACKBONE 
INTERFACE 



-342 



340 



HEADER READER/WRITER, 
FORMAT CONVERTER 



VPI- FREQ. 
TABLE 



ir 



346 



338 



TRANSMITTER/ 
RECEIVER 



CONTROLLER 



'344 



'-336 



FIG. \7 



REPEATER 
DEVICE 







T 




-35 




TERMINAL 




TERMINAL 



34 



4<- 



TERMINAL 



TERMINAL 



42 



Ai 

BACKBONE 
NETWORK 5 



FIG. 20 

24 



EP 0 637 185 A2 



REPEATER 
DEVICE 




NETWORK 5 



FIG. \8 



25 



EP 0 637 185 A2 



BACKBONE 
NETWORK 5 




FIG. ]9 



26 



EP 0 637 185 A2 




CVJ: 



• 
• 
• 


• 
• 
• 
























Ql 








> 
























n 
















to 






ro 


fO 






ro 






a. 




o 


Q. 




















CVJ 


CVJ 






CVJ 










o 






> 






> 
























a. 






Q. 




> 






> 






UJ 




zo 




o 




— _j 




o 


Q. 


H-CO 


> 


o 


> 




CM 




ro 




CM 




CM 




(1 




G. 











27 



EP 0 637 185 A2 





INTER - AREA 


INTRA -AREA 


USE OF THE 
SAME FREQ. 


USE OF THE 
SAME VPl 


USE OF THE 
SAME FREQ. 


USE OF THE 
SAME VPl 


\ 


ALLOWED 


NOT 
ALLOWED 


NOT 
ALLOWED 


NOT 
ALLOWED 


2 


NOT 
ALLOWED 


NOT 
ALLOWED 


NOT 
ALLOWED 


NOT 
ALLOWED 


3 


NOT 
ALLOWED 


ALLOWED 


NOT 
ALLOWED 


NOT 
ALLOWED 


4 


NOT 
ALLOWED 


ALLOWED 


NOT 
ALLOWED 


ALLOWED 


5 


ALLOWED 


NOT 
ALLOWED 


ALLOWED 


NOT 
ALLOWED 


6 


ALLOWED 


ALLOWED 


NOT 
ALLOWED 


NOT 
ALLOWED 


7 


ALLOWED 


ALLOWED 


NOT 
ALLOWED 


ALLOWED 


8 


ALLOWED 


ALLOWED 


ALLOWED 


NOT 
ALLOWED 


9 


ALLOWED 


ALLOWED 


ALLOWED 


ALLOWED 



F I G. 24 



28 



(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen dee brevets 




(12) 



(11) BP 0637185 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

07.02.1996 Bulletin 1996/06 

(43) Date of publication A2: 

01.02.1995 Bulletin 1995/05 

(21) Application number: 94305529.3 

(22) Date of filing: 27.07.1994 



(51) int C|6: H04Q 11/04, H04Q 7/20 



(84) Designated Contracting States: 


• Kumaki, Yosliinari, 


DE FR GB 


c/o Inteliectual Property Div. 




IVIinato-ku, Tokyo 105 (JP) 


(30) Priority: 30.07.1993 JP 190269/93 


• Nonin, Katsuya, 




c/o Intellectual Property Division 


(71) Applicant: KABUSHIKi KAISHA TOSHiBA 


Minato-ku, Tokyo 105 (JP) 


Kawasakl-shi, Kanagawa-ken 210, Tokyo (JP) 


• Kamagata, Eiji, 




c/o Intellectual Property Division 


(72) Inventors: 


Minato-ku, Tokyo 105 (JP) 


• Ueno, Motoharu, 


• Matsuzawa, Shigeo, 


c/o Inteilectuai Property Division 


c/o Intellectual Property DIv. 


IVIinato-ku, Tokyo 105 (JP) 


Minato-ku, Tokyo 105 (JP) 




(74) Representative: Maury, Richard Philip et al 




London WC2A 3LS (GB) 



CO 

< 

in 

00 

CO 
CO 

o 

LU 



(54) Radiocommunication system 

(57) An ATM-based radiocommunication system 
adapted for multimedia communication comprises a re- 
peater (1) for providing communication services over a 
predetermined service area, first radio terminals (31 , 32, 
33) for communicating with the repeater (1) by using 
ATM cells, and a second terminal (34) for communicating 
with the repeater (1) by using ATM cells and communi- 
cating with a backbone network (5). The repeater (1) 
comprises spot beam transmission and reception anten- 
nas (11, 12, 13; 15, 16, 17) for providing radio channels 
within a predetermined service area by means of spot 
beams, a wide-area beam transmission and reception 
antenna (14; 18) for providing a radio channel within the 
predetermined service area by means of a wide-area 
beam, first transmitters/receivers (21 , 22, 23; 25. 26. 27) 
connected to the spot beam transmission and reception 
antennas for transmitting and receiving ATM cells, a sec- 
ond transmitter/receiver (24; 28) connected to the 
wide-area beam transmission and reception antenna for 
transmitting and receiving ATM cells, and an ATM 
switching device (29) having input terminals connected 
to receive ATM cells from the first and second receivers 
and output terminals connected to the first and second 
transmitters for directing incoming ATM cells to their re- 
spective proper output terminals. 
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